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The  one  step  high  temperature  reaction  of  3,3’,4,4’-benzophenone  tetracarboxylic  dianhydride  (BTDA)  and  1^- 
naphthyl  diamine  (DAN)  in  m-cresol  was  investigated  using  UV-Visible,  fluorescence,  and  Infrared  specDoscopy.  Results 
have  shown  that  UV-Visible  can  be  used  to  monitor  the  wavelength  shift  from  the  diamine  to  the  polyamic  acid  to  the 
poylimide.  Deconvolution  of  the  spectra  at  various  reaction  times  revealed  the  composition  of  amic  add  and  imide,  which 
were  also  in  good  agreement  with  the  Infrared  analysis.  Fluorescence  spectroscopy  utilized  the  fluorescence  nature  of 
the  diamine  to  probe  the  reactivity  of  the  spedes  during  the  reaction.  Emly  complexation  of  the  diamine  was  evidenced 
by  the  absence  of  fluorescence  emission  due  to  DAN,  which  then  appeared  later  in  time  to  a  maTomum  of  9.4%.  Upon 
further  reaction,  DAN  is  consumed  completely,  as  evidenced  by  the  gradual  decline  in  emission.  Investigation  of  this 
reaction  in  NMP  with  only  10%  /n-cresol  at  lower  temperatures  revealed  that  the  apparent  rate  constants  of  amic  add 
formation  was  actually  slower  than  the  controls,  100%  NMP  as  determined  by  Infrared.  However,  these  laced  systems 
did  induce  imidization  at  the  lower  temperatures. 
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Introdncbon 

High  temperature  heterocyclic  polymers,  in  particular 
polyimides  are  baaed  on  the  reaction  of  dianhydndes  with 
dianunes.  Common  methods  of  aynthesinng  these  materials 
are  thermal  and  chemical  imidiution.  A  simple  one  step 
thermal  method,  consisting  of  s  hi^  boiling  solvent  such  as 
m-cresol  can  be  used  to  aid  in  the  imi^zation  procass, 
bypassing  the  isolabon  of  the  polyamic  add.  To  take  advantage 
of  this  process,  it  is  necessary  to  examine  the  kinetics  and 
mechanisms  of  these  reactions. 

There  have  been  numerous  studies  reported  for  the 
iaudieatiOD  process  from  the  precursor  polyamic  add  to  the 
polyimide  in  a  variety  of  solvents^'^  However,  there  have  been 
only  few  reports  on  the  one  step  process®,^. 

The  objectives  of  this  resesrch  were  to  delineate  possible 
mechanism  and  the  kinetics  from  the  reaction  of  3,3',4.4'- 
benxophenonetelracarboxylic  dianhydride  (BTDA)  and  1,6- 
naphthyl  diamine  (DAN)  in  m-cresoI  and  in  estsmaU  the 
composition  of  various  components  which  occur  throughout 
the  reaction.  Model  compounds  were  used  to  cluddate  the 
compositions  at  various  Umes.  The  reaction  was  monitored 
using  UV-Visible,  fluorescence,  and  Fourier  Transform 
Infrared  (FT-IH)  spectroscopy.  The  conclusions  from  this 
study  provide  a  basis  for  understanding  the  imidication 
chemistry  in  acidic  solvents.  Prom  this  understanding,  the 
optimum  processing  conditions  for  the  synthesis  of  polyimides 
can  be  made 

Experimental 

The  polymerization  was  carried  out  using  a 
stoichiometric  mixture  of  BTDA  and  DAN  in  m-creaol  to  yield 
*a  1  wt%  reaction  solution,  under  an  argon  atmosphere,  at 
210*C  Aliquots  were  taken  at  various  time  intervals  and 
diluted  into  NMP  for  UV-Vis  and  fluoreacence  analyses  via 
Perkin-Elmer  Lambda  6  and  Perkin-Elmer  MPF66 
tpectroroeiers.  respectively.  Reaction  aliquots  were  analyzed 
by  Infrared  using  a  Mattson  Cygnus  100  spectrometer  with  a 
resolution  of  4  cm'l. 

Analogous  solutions  were  made  using  NMP  as  the 
reaction  solvent,  either  with  or  without  the  adition  of  10%  m- 

oresol  to  the  system  at  temperatures  of  25,  30,  and  45*C. 
Aliquots  were  also  taken  and  analyzed  by  UV-Vis  and 
fluorescence.  Infrared  studies  were  accomplished  with  a 
liquid  cell  sample  holder  equipped  with  a  temperature 
eontroller  for  in  situ  analyses  of  the  reaction. 

Rasulta  and  Discuasaon 

Figure  1  represents  the  overall  blue  shiA  of  the  reaction 
analyzed  during  the  reaction  process.  We  can  see  that  as  the 
reacuon  progresses,  the  absorbing  peaks  shifts  to  shorter 
wavelengths  due  to  an  electron  withdrawing  effect  on  the 
amino  group  of  the  DAN  species.  As  the  resclioo  proceeds, 
imidc  formation  would  lead  to  the  farthest  blue  shift,  or 
shortest  wavelength  due  to  the  high  content  of  carbonyl 
linkages,  causing  an  extensive  electron  wiUjdrawiog  effect. 
The  atnic  acid  formation  is  seen  at  15  mins  a.<t  confirmed  by 
deconvolution  of  Uir  peak  by  using  mode)  compound,  diamic 
acid  made  Irom  mmelliiic  unhydndi-  and  D.^K  After  the 
reHctiiiii  wnr.  conipleir.  tii,'  Hpvctriini  laki-i!  revealed  a 
coinpo.'iitioii  of  iinid,'  ruiiipaiir!  )iv  d'-i'iDivoIuiiiiii  and 


,  ,  r  j  ,  ,1,,  v’!  Uv  analysis  Ai  U,,  iaier 

indepcndenllv  confiriiifd  '  as  dclemuned  bv 

stages  of  the  reacuon.  Uic  jH  rc  E  ecmed  to  be  in  good 

UV  deconvolution  and  bv  analysis, 

agreement  as  seen  in 

the  species  that  ^  appreciable  fluorescence 

species,  especially  ^,bus  spectra!  changes 

TK4*  f\iiorpscencc  emission  specira  cxaiuiwp  ^  ,  ** 

larly  in  the  re.'ci.on  An  increase  and  then  a  decrease  ,n 

mTclwrU^arihrd/amln^spef^s  T'complexcd  imuallv  and 

a  Aof  riAKi  orcseni  Uaicr  in  tne  reaciion.  the 

of  9  4%  DAN  speaes  present  ^  observed. 

nuorescence  emitsioo  from  uap* 
indicatshE  that  the  DAN  has  reacted. 

T.  .ins  -a  .di, Mi 

p,ri«™,d  o»  r,«l.oo,  ..  wh.rt 

lint  .dd~l  !"!'•"'<  ‘‘."tynnid  DAjJ  .1 

.ddVn,”.,':d,cud  to  to. 

C-N  absorption  at  -1345  cm-»  as  seen  2_Contxolled 

experimeSs  in  100%  NMP.  exhibited 

no  imide.  These  doped  experiments  seem^  to  the  rate 

of  BTDA  disappearsnee  as  compared  ^ 
in  Figure  3.  This  would  suggest  some 
with  either  the  diamine  or  the 

evidenced  by  the  salt  fonnabon  delected  for  the  ai^  l^ 

m-cresot.  The  weak  aad  conuins  a  proton  ‘®  {5 

donate  to  the  amine  group  This  type  of  complezaUon  would 

inhibit  the  reaction  with  the  anhydnde  since  •  “ 

necessary  to  atuck  the  anhydnde  car^nyl. 

that  once  the  polyamic  acid  i*  formed,  the  “adis  able  m 

aid  in  the  imidization  sUp.  This  is  a 

the  imide  fonnaUoo  seen  in  IB  at  suih 

Using  classical  second  order  kinebcs.  J" 

the  amidaUon  step  can  be  determined.  For 

containing  m-cresol.  kineUc  expressiros  I"  > 

reaction  consisting  of  a  seco^  reacbon 

order  behavior  was  used.  Table  2  summands 

and  illustraus  the  apparent  rsle  coutanU  (kj)  for^e 

formauon  of  polyamic  acid  to  increase 

be  slower  in  the  m-cresol  doped  cases^  I^Y*''** 

confirmed  reacuon  conversion  as  seen  by  blue  shiftt  from  the 

reactant  component.  DAN  Iks'  at  340  A  350^).  Fluorescent 

studies  revealed  a  gradual  dcplebon  of  the  DAN  speaes  as  the 

reaction  bme  was  mcreased. 

Summary 

It  has  been  shown  that  the  one  step  high  temperature 
reaction  is  complex  and  reveals  many  ‘"“"f 
with  the  use  of  m-cresol  as  the  reacuon  solvent  The  resulU 
have  shown  that  UV- Visible  spectroscopy  can  be  used  to 
monitor  the  wavelength  shift  from  the  diamine  tt  the  polype 
aad  to  the  polyimide  ComposiUonal  analyaia  by  l^rared  for 
later  swges  in  the  reacUon  ahowed  good  agr^eement  with  toe 
UV  deconvoluUon  The  conversion  of  the  di^ne  was  also 
monitored  by  fluorescence  which  revealed  an  initial 
complexation  of  the  diamine  indicative  of  the  absence  of 
fluorescence  intensity.  Upon  resebon  bme.  frae  diSMne  was 
delected  to  a  maximum  of  9  4%  This  technique  shows  the 
sensiuvity  of  detecUng  diamine  in  the  reacuon  vessel. 

Due  to  the  complexity  of  this  system,  it  is  necessary  m 
deicmiiiic  toe  nature  of  the  acid,  m-cresol  with  respect  u>  toe 
reucinnis  At  low  lemiicraliires  using  an  in  situ  meUioO,  r  l  - 
IB  rcvi-aled  that  when  10%  m-cresol  was  added  to  toe  rcacUon 
in  NM!’,  Uic  rate  of  anhydnde  disappearunre  was  slower  Uian 
wilhoiJ!  m-cresol  ll  iiH«  also  been  shown  by  111  analysis  that 
imidi-  fonnalion  and  sail  foniialioii  were  ofciimng  even  at  low 
temper  mures  I'V  Vis  aiiiilvsi.s  of  aiiiiioginis  rcacUons  sliowed 
blue  siiifl;-  lino  dmil.lr  ii.hV.  inainnii  as  ih,  resirlion 
progi— -^<-d,  Rupf-'i^inr  tn-  ifii,f-:  ai-.-i  v.-.f  l.v  1I-;  sino’-- 


Overall,  these  spectroscopic  techniques  have  so  lar 
provided  new  insight  to  the  understanding  of  this  eomples 
system 
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Table  1  Percentage  of  unide  as  determined  by  LTV  decon¬ 
volution  and  by  Infrared  (or  the  leacuon  at  210*C  in  m-cresol 
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Figure  2  FT-IR  spectra  of  amide  and  imtdc  formation  for  the 
reactionof  BTDA  A  OAN  in  NMP  with  10%  m-cteaol  at  2S*C. 
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Figure  3  Anhydride  disappearaaes  as  a  fuaetaea  of  leaebon 
time  ofBTDA  ADAN  at25*C  withsrwithoittai-craaaiaddad. 
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Table  2  Apparent  rate  constants  tor  the  imidizatian  leaetien 
under  varioiis  conditions. 


- 

35*C 

45^J 

In  NMP 

Ki(M->iiiin-i)  5 

EMKcal/moie)  12 

6 

16 

In  NMP  w/  10%  m-creiol 

Ki<M»aia-»)  0.9 

1 

4 

E^Kcal/mole)  14 

Kj  (niin-t)zl0’®  6 

29 

28 

Ki:  for  the  fonnotton  of  polyoniic  oad 
Kj;  for  the  formation  of  imide 
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